INTRODUCTION
Guest authorship, defined as attribution of research article authorship to investigators not meeting standard authorship criteria, has been a concern to the medical community because of the importance of honesty and accountability to the integrity of scientific research and the potential for legal ramifications. 1 Since multiple studies have estimated the prevalence of guest authorship to be 17 to 41 % in the medical literature, [2] [3] [4] [5] several interventions have been implemented to increase transparency and reduce misrepresentation of clinical research. Many journals, based on International Committee Medical Journal Editors (ICMJE) recommendations, 6 require sponsors and authors to detail their specific role in the analysis/interpretation of data, design of the study, and writing or revision of the manuscript. Authors are also required to disclose industry payments and all potential conflicts of interest. Clinical trials are required to be listed on an online registry, which in the U.S. (on ClinicalTrials.gov) includes identifying the principal investigator(s). 7 One survey estimated that the prevalence of guest authorship, among any study author, in top general medical journals decreased after these interventions from 29 % in 1996 to 21 % in 2008. 5 However, given that primary (first and last) authors are the authors most likely to determine study content, guest authorship of these authors may be most important. Since litigation related to rofecoxib revealed direct evidence of guest authorship among first authors of clinical trials sponsored by industry, 8 no studies, to our knowledge, have examined the prevalence of guest authorship among primary authors of industry sponsored studies.
The objective of this study was to examine the current prevalence of guest authorship among primary (first and last) authors, based on self-reporting, from a sample of randomized clinical trials published in high-impact journals. We limited our analysis to trials listed on ClinicalTrials.gov to determine the prevalence of guest authorship with adherence to optimal standards of transparency. We stratified trials by industry collaboration in the design, analysis, or reporting and by funding status, given recent evidence that collaboration may be a better predictor of clinical trial bias than funding alone. 9 We hypothesized that guest authorship would be more common among trials with industry collaboration in the design, analysis, or reporting of results than among other trials, and that trials with guest authorship would be less likely to identify a primary author as a principal investigator on ClinicalTrials.gov. 
METHODS

Study Inclusion/Exclusion Criteria
Definitions
We determined funding based on information in or accompanying each publication. We categorized trials as having industry funding with collaboration when any for-profit organization funded the trial and had any role in its design, analysis or reporting; as having industry funding without collaboration when any for-profit organization funded the trial, but had no role in its design, analysis or reporting; or as having neither industry funding nor collaboration.
Based on ICMJE criteria, we defined a trial as having primary guest authorship when neither the first nor the last author contributed to either of the following: 1) the design of the trial or the analysis/interpretation of data, or 2) drafting part or all of the manuscript. If either a first or last author participated in the design/analysis/interpretation or in the drafting of the manuscript of a trial, then such a trial was not considered to be primary guest authored. Previous studies [2] [3] [4] [5] similarly used ICMJE criteria to define guest authorship among any study author; however, unlike previous studies, we did not include revising the manuscript Bcritically for important intellectual requirement^as a contribution, since we sought to focus on the initial writing of the manuscript, which is generally viewed as the responsibility of the primary authors. 10 
Data Extraction
Two investigators (NR and DK) independently assessed first and last author contribution to the design of the trial, analysis/ interpretation of the data, and drafting of the manuscript, based on author self-report, in the main publication or any appendices. Authorship contribution was recorded as Babsent^if there was an explicit statement of contribution only by individuals other than the primary authors. We excluded trials for which no authorship contribution could be determined from further analysis (Fig. 1 ). All differences between investigators were resolved by consensus. Inter-rater agreement for trial variables was high (κ=0.80). One investigator (NR) recorded funding (industry and/or government/non-profit), and industry collaboration. Academic affiliation of first and last study authors was also noted. For each trial, we extracted the principal investigator(s) identified on ClinicalTrials.gov. Information on payments given to a primary author from the sponsor was obtained from ICMJE disclosure forms.
Statistical Analysis
We conducted two sets of analyses, comparing the prevalence of guest authorship and other variables between trials with neither industry funding nor collaboration and 1) trials with industry funding with collaboration and 2) trials with industry funding without collaboration, using Fisher exact tests. Statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc.). All p values were two-tailed, with significance defined as p<0.05.
RESULTS
There were 168 trials from ten high-impact journals describing the results of drug and device trials included in our analysis (Fig. 1) . Thirty-nine trials (23 %) had neither industry funding nor industry collaboration, 76 (45 %) had industry funding with industry collaboration, and 54 (32 %) had industry funding without collaboration ( Table 1) .
The overall prevalence of primary guest authorship was 6 % (10/168). Primary guest authorship was significantly more common in trials with industry funding with collaboration than in those with neither industry funding nor collaboration [13.2 % (10/76) vs. 0 % (0/39); p<0.02] ( Table 1) . Primary guest authorship did not differ between trials with industry funding without collaboration and trials with neither industry funding nor collaboration ( Table 1) . The prevalence of individual components of guest authorship were similar in trials with industry funding with collaboration and those with neither funding nor collaboration, including involvement of neither primary author in drafting the manuscript [9.2 % (7/76) vs. 0 % (0/45); p=0.09] and involvement of neither primary author in designing the trial or analyzing/interpreting data [3.9 % (3/76) vs. 0 % (0/45); p=0.55] ( Table 1) .
Trials with industry funding with collaboration were less likely than trials with neither industry funding nor collaboration to identify the first or last author as a principal investigator on ClinicalTrials.gov [25.0 % (19/76) vs. 86.7 % (39/45); p<0.001] ( Table 2 ). All first authors and approximately 90 % of last authors were academically affiliated with no significant differences noted, based on industry funding or collaboration (Table 2) . Trials with industry funding with collaboration were more likely to have directly paid either primary author compared to trials with neither industry funding nor collaboration [69.6 (46/76) vs. 2.6 (1/45); p<0.001] ( Table 2) .
Of the ten trials with primary guest authorship, four were from the NEJM, three from Lancet, one from Lancet Oncology, one from Lancet Neurology, and one from Annals of Internal Medicine; in terms of primary clinical specialty, two were Oncology, one Neurology, two Infectious Diseases, and three Endocrinology (Table 3) . Three of the ten (30 %) trials identified a primary author as a principal investigator on ClinicalTrials.gov ( Table 3 ). The first author of all ten primary guest authorship trials (100 %) had an academic affiliation and the last author had an academic affiliation in eight of the ten trials (80 %) ( Table 2 ). In all ten trials, either the first or last author was paid directly by the sponsor (Table 2 ).
DISCUSSION
We found that 6 % of randomized clinical trials from highimpact journals utilized primary guest authors and that primary guest authorship occurred exclusively among trials with industry funding with collaboration, with a prevalence of 13 %. Our results validate the occurrence of primary guest authorship among trials with industry funding with collaboration that was originally revealed by litigation related to rofecoxib. 8 While we cannot conclude that the sponsors of trials with primary guest authorship specifically recruited academic investigators to serve as primary guest authors (as was the case with rofecoxib), our findings raise this possibility, as all were paid directly for the trial by the sponsor (based on the authors own self-disclosure) and nearly all were academically affiliated.
Irrespective of the mechanism behind primary guest authorship, the occurrence of this practice among trials with industry funding with collaboration is likely multi-factorial. Industry has been previously reported to remove employee scientist/ physicians with significant contributions from authorship to avoid the appearance of undue commercial influence and to improve the likelihood of publication. 11 Industry, in general, may also prefer academic primary authors, as readers may discredit study findings when authors are industry employees. 12 Moreover, beliefs that first and last authors of trials should never be employees of the funding sponsor 13 or that industry trials should never be published 14 may push industry toward using guest authors.
We found a lower prevalence of primary guest authorship than what was found in previous guest authorship studies.
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This result is not surprising for a number of reasons. First, we examined primary guest authorship (only first and last authors) rather than guest authorship among all the listed authors. Second, our definition of primary guest authorship was conservative; we required that neither primary author meet authorship criteria, as opposed to only the first or the last author. We used these approaches, which likely underestimated the presence of guest authorship, in order to detect only guest authorship that would most significantly impact data presentation. Further, we examined clinical trials only because we wished to evaluate publications most likely to influence clinical practice. Lastly, we used author selfdisclosure as opposed to surveys, which may have introduced social desirability bias and led to our underestimating the prevalence of guest authorship.
We found that trials with industry funding with collaboration, including those with guest authorship, were significantly less likely than trials with neither industry funding nor collaboration to have identified the primary authors as the principal investigator(s) on ClinicalTrials.gov, despite no significant difference in the percentage of academically affiliated primary authors between trial types. This finding raises the question of whether the academic primary authors of trials with industry funding with collaboration were truly the principal investigators, especially for the ten trials identified as having primary guest authorship. The finding also suggests that a simple policy shift from journal publishers might further reduce rates of guest authorship: Our study has several limitations. We only included highimpact journals, which may limit the generalizability of our findings. In addition, we excluded journals that do not publish details on the BRole of the Funding Source/Sponsor^; this choice allowed us to determine rates of guest authorship under conditions of optimal transparency, but may limit generalizability or may have led us to underestimate rates of primary guest authorship. Further, information on author contribution was often difficult to find and vaguely written, so our estimates of ghost authorship may include inaccuracies; however, we were intentionally conservative in crediting authors' contributions and are unlikely to have overestimated the prevalence of primary guest authorship. While author contribution data was obtained in duplicate, only one author recorded information on sponsor funding and collaboration, so inaccuracies or bias may have been introduced. However, documentation of funding and collaboration in trial reports is simple and straightforward, so substantial inaccuracy is unlikely. Additionally, although primary guest authorship trials were more prevalent among a few high-impact journals, given the small number of trials, we cannot draw any conclusions about the publishing practices of these specific journals. Lastly, while we hypothesized industry funding and/or involvement may be associated with guest authorship, there may have been confounding risk factors that were not considered.
In conclusion, in this sample of randomized, drug/ device clinical trials in high-impact biomedical journals, we found evidence of primary guest authorship despite increased disclosure requirements by journals. Notably, in our sample, primary guest authorship occurred exclusively among trials with industry funding with collaboration. If the medical and publishing communities wish to reduce guest authorship among such trials, further steps beyond disclosure will be needed.
